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(54) Compact optical coupling systems 

(57) A compact optical coupling member (16) is use- 
ful for coupling non-coherent light from a source of light 
( 1 0) to a light distribution harness. The coupling member 
includes an elongated light transmissive body having a 
central longitudinal axis, an inlet end (14) for receiving 
light from the light source, and an outlet end ( 1 8) for pro- 
viding light to a leading end of a light distribution har- 
ness. The elongated body has a polygonal cross-sec- 
tional shape for providing increased light mixing of the 
non -coherent light. The polygonal shape of the elongat- 
ed body increases in size from a first cross-sectional ar- 
ea at the inlet end to an enlarged cross-sectional area 
at the outlet end for reducing, with respect to the longi- 
tudinal axis, the maximum angle of light passed through 



the outlet end relative to the maximum angle of light re- 
ceived through the inlet end. A pair of compact optical 
coupling members of the foregoing type may be used 
for coupling non-coherent light from first and second 
sides of the source of light to respective first and second 
light distnbution harnesses. A compact, folded optical 
system may be realized by making the polygonal shape 
of a an elongated body of an optical coupling member 
trapezoidal; and using a plano-convex lens as part of 
the light distribution harness. The plano-convex lens 
has a convex surface through which light is received 
from the coupling member, and a mirrored, planar sur- 
face confronting the coupling member and being for re- 
flecting light at an angle that causes the light to substan- 
tially miss the coupler. 
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Description 

The present invention relates to optical couplers 
and optical coupling systems for coupling a source of 
non-coherent light to a light distribution harness, where- 
in the couplers are polygonal in cross section to increase 
light mixing and, thereby, uniformity of intensity and 
color of output light. More particularly, the present inven- 
tion relates to optical couplers and systems having com- 
pact length. 

Optical coupling systems employing polygonal op- 
tical couplers are known, for instance, Irom U.S. Patent 
5,341 ,445 issued to J. Davenport and R. Hansler (also 
present inventors), and assigned to the present assign- 
ee. The '445 patent teaches the use of optical couplers 
for receiving light from a high brightness light source, 
and outputting the light into distribution harnesses for 
routing the light to remote optics. In particular, the '445 
patent teaches the use of optical couplers whose cross 
sections are polygonal, e.g., square, rectangular, trian- 
gular, or hexagonal. Light from a non-coherent light 
source that passes into an inlet end of a polygonally 
shaped coupler becomes mixed to a high degree before 
passing through an outlet end into a light distribution 
harness for distribution to output optics (i.e., remote op- 
tical fixtures). The highly mixed light exhibits a high de- 
gree of uniformity in intensity and color, which is required 
in many lighting applications. 

It is an objective of the present invention to provide 
polygonal optical couplers and optical coupling systems 
using such couplers that are more compact, i.e., of re- 
duced length, compared to the prior art optical coupling 
systems using polygonal couplers. This objective ad- 
dresses the need for fitting optical coupling systems into 
small spaces or enclosures (e.g., for video projectors). 
Realizing such objective will contribute to more fully uti- 
lizing the many benefits of optical distribution systems 
such as high energy-usage efficiency and reduced 
maintenance. 

A further objective of the invention is to provide po- 
lygonal optical coupling systems for more efficiently 
coupling light received by a coupler from a light source 
at a high angle. 

In one form, the invention provides a compact opti- 
ca! coupling member for use in coupling non-coherent 
light from a source of light to a light distribution harness. 
The coupling member includes an elongated light trans- 
missive body having a central longitudinal axis, an inlet 
end for receiving light from the light source, and an outlet 
end for providing light to a leading end of a light distri- 
bution harness. The elongated body has a polygonal 
cross-sectional shape for providing increased light mix- 
ing of the non-coherent light The polygonal shape of the 
elongated body increases in size from a first cross-sec- 
tional area at the inlet end to an enlarged cross-sectional 
area at the outlet end for reducing, with respect to the 
longitudinal axis, the maximum angle of light passed 
through the outlet end relative to the maximum angle of 



light received through the inlet end. 

In another form, the invention provides a pair of 
compact optical coupling members of the foregoing 
type, for coupling non-coherent light from first and sec- 

s ond sides of the source of light to respective first and 
second light distribution harnesses. 

A compact, folded optical system is realized by 
making the polygonal shape of a an elongated body of 
an optical coupling member trapezoidal; and using a 

10 plano-convex lens as part of the light distribution har- 
ness. The planoconvex lens, in particular, has a convex 
surface through which light is received from the coupling 
member, and a mirrored, planar surface confronting the 
coupling member and being for reflecting light at an an- 

15 gie that causes the light to substantially miss the cou- 
pler. 

The foregoing, and further, objects and advantages 
of the invention will become apparent from the following 
description when read in conjunction with the drawing, 
20 in which like reference characters designate like or cor- 
responding parts throughout the several views, and in 
which: 

Fig. 1 is a side plan view of an optical coupling sys- 
tem constructed in accordance with the prior art. 

25 Figs. 1 A and 1 B are left and right side plan views of 
prior art coupler 16 of Fig. 1. 

Fig. 2 is a schematic representation in block form 
of a light source coupled to output optics via one or more 
optical couplers and light distribution harnesses 

30 Fig. 3 is a view, similar to Fig. 1, but showing an op- 
tical coupling system according to the present invention . 

Figs. 3A and 3B are left and right side plan views of 
an inventive coupler 16 ol Fig. 3. 

Fig. 4 is a perspective view of an optical coupling 

35 system in accordance with a specific embodiment of the 
present invention. 

Fig. 5 is a side plan view of an optical coupling sys- 
tem employing a pair of optical couplers according to 
the present invention. 

40 in the following description, terms such as "top," 
bottom," "left," and "right" are used for convenience and 
are not to be construed as limiting terms. 

In order to more particularly illustrate how the 
present invention differs from the prior art, the prior art 

45 optical coupling system of Fig. 1 is first described. Such 
system includes a light source 10 preferably of high 
brightness, such as a xenon metal halide lamp. An el- 
lipsoidal reflector 12 focusses light from source 10, 
which is shown schematically as a lamp filament, to the 

so plane in which the left, or inlet, end 1 4 of a prior art op- 
tical coupler 16 is situated. Left (or inlet) end 1 4 and right 
(or outlet) end 18 of coupler 16 are respectively shown 
in Figs. 1 A and 1B. If coupler 16 is hollow, it will have 
interior reflective surfaces such as shown in phantom at 

55 UA (Fig. 1A) and 18A (Fig. 1B); if coupler 16 is solid, 
the surfaces at 14Aand 18A will not be present. 

Fig. 2 schematically shows how light from light 
source 10 is passed to display optics 20, via coupler 16 
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and light distribution harness 1 9. Details of suitable light 
distribution harnesses will be apparent to those of ordi- 
nary skill in the art from, e.g., the above-cited U.S. Pat- 
ent 5,341 ,445. For instance, a light distribution harness 
may comprise a bundle (not shown) of optical light con- 
ductors. Alternatively, for instance, it may comprise a 
photographic slide and a projection lens (not shown) for 
modulating and routing light to display optics comprising 
a viewing screen (not shown). In some applications, an 
additional coupler 16', shown in phantom, can be used 
to route light to display optics 20' via light a distribution 
harness 16\ shown in phantom. 

As shown in Figs. 1, 1A and 1B, coupler 16 has a 
cross section along its centrally located longitudinal axis 
16A that is square; Le. : dimensions D t and D 2 of inlet 
end 14 (Fig. 1 A) are equal; and dimensions D 3 and D 4 
of outlet end 1 3 are likewise equal. The cross section of 
coupler 16, however, may be rectangular, or have an- 
other polygonal shape such as triangular or hexagonal 
that improve light mixing and, thereby, uniformity in the 
intensity and color of output light passed through outlet 
end 18. The selection of appropriate polygonal shapes 
will be known to those skilled in the art from, e.g. , above- 
mentioned U.S. Patent 5,341,445. 

Referring to Fig. 1 , a maximum angle 21 of light 1 0A 
received through inlet end 14 of coupler 16, relative to 
longitudinal axis 16A, is shown by way of example as 
30 degrees. A maximum angle 22 of light 10B passed 
through outlet end 1 8 of the coupler, relative to axis 1 6A, 
is also 30 degrees for the example illustrated. Where 
prior art coupler 1 6 is hollow, a typical length 24 for the 
coupler is about 6 times dimension D A of the coupler to 
achieve desirable light mixing, dimension D-, being 
equal to dimension D 2 . For a solid coupler, length 24 is 
typically about 9 times dimension dimension 
bearing the foregoing relation to dimension D 2 . Added 
to length 24 of the coupler is length 26 of the spacing 
between reflector 12 and inlet end 14 of the coupler. 
Where angle 21 is 30 degrees, length 26 is about 1.73 
times diameter d of reflector 12. 

Fig. 3 shows an optical coupling system according 
to the present invention. Figs. 3A and 3B show inlet 14 
and outlet 18 ends of an inventive coupler 16. As men- 
tioned with respect to Figs. 1A and 1B, phantom lines 
14A and 18A show interiorly reflecting surfaces where 
coupler 16 is hollow, and are not present where coupler 
16 is solid. 

The inventive optical coupling system of Fig. 3 is 
shorter than the combined lengths 24 and 26 of the prior 
art coupler system of Fig. 1 by a length 30. The inventive 
system achieves'such compactness by using a coupler 
1 6 having a polygonal cross section that increases from 
inlet end 14, shown in Fig. 3A, to outlet end 18, shown 
in Fig. 3B. Preferably, the increase in size of coupler 16 
from inlet end 14 to outlet end 18 is uniform, as will be 
assumed for the following example. 

Inventive coupler 16, so configured, performs a so- 
called angle-to-area conversion on the light passing 



through the coupler. Thus, for instance, for a maximum 
angle 21 of light 10A received through inlet end 14 of 
coupler 16, relative to longitudinal axis 16A, of 45 de- 
grees, coupler 1 6 produces a maximum angle 22 of light 
5 10B passed through outlet end 18, relative to axis 16A, 
of 30 degrees. This is in accordance with the Helmhotz 
invariant holding that the mathematical product of input 
dimension and the sine of input angle 21 equals the 
mathematical product of output dimension D 3 and the 

10 sine of output angle 22; with a corresponding relation 
existing for input and output dimensions D 2 and D 4 and 
the sines of the input and output angles corresponding 
to such dimensions. 

With input angle 21 being 45 degrees as shown in 

is Fig. 3, dimension 26 is equal to diameter d of reflector 
12. This represents one component of reduction in 
length of the system shown. A second component of re- 
duction in length of the system occurs because the 
shorter, tapered coupler 16 of Fig. 3 mixes light tosub- 

20 stanlially the same degree as the longer coupler 16 of 
prior artFig. 1. The length 24 of inventive coupler 16 will 
typically be, for the square coupler shown, the mathe- 
matical product of six times the ratio of the sine of output 
angle 22 to the sine of inlet angle 21 . Where these an- 

25 gles arc 30 degrees and 45 degrees, respectively, 
length 24 of the coupler is approximately the mathemat- 
ical product of 4.2 times dimension D v The length 24 of 
inventive coupler 1 6 can be even further reduced where 
less light mixing is required, e.g., for some video projec- 

30 tion systems. 

In an alternative embodiment, the taper of coupler 
1 6 from inlet end 1 4 to outlet end 1 8 defines acompound 
parabolic reflector (not shown) made in accordance with 
non-imaging optics, which technology is known perse 

35 jn the art. Such embodiment is preferred where the 
change in angle from inlet angle 21 to outlet angle 22 is 
relatively large compared to the above example where 
the taper of coupler 16 is uniform. 

Fig. 4 shows an optical coupling system according 

40 to a specific embodiment of the present invention. As 
with the optical coupling system of Fig. 3, a light source 
10 generates light, e.g., 10A, that is reflected by a re- 
flector 12 into the smaller end of an optical coupler 16. 
The cross section of the coupler 16 in Fig. 4, however, 

45 is trapezoidal for a purpose that will become apparent. 
A plano-convex lens 32 receives light from the larger 
end of coupler 16. The change in area from one end to 
the other end of the coupler creates the expected reduc- 
tion in the output angular distribution of light compared 

50 to the input angular distribution. This allows the use of 
a lens 32 with a larger f-number (i.e., ratio of lens focal 
length to lens diameter) than would be possible if the 
coupler were not tapered from one end to the other. 
Lens 32 has a convex surface 32 A through which 

55 light is received from coupler 16. On a planar surface of 
the lens, a mirrored surface 32B, confronting coupler 16, 
reflects light at an angle that causes the light to substan- 
tially miss the coupler. Being reflected at mirrored sur- 
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face 32B, light passes through the convex lens surface 
32A twice, resulting in a compact, folded optical system. 
Lens 32 receives light, e.g. !0B, from coupler 16 at an 
offset angle: e.g., a central axis of lens 32 (not shown) 
orthogonal to the planar, mirrored surface 32B, is orient- 
ed upwardly at an angle of, e.g. 1 5Q relative to the cen- 
tral longitudinal axis (not shown) of the coupler. Light 
rays 1 0C exiting lens 32 are then directed towards a rec- 
tangular region (e.g. sign) 34, and may illuminate an im- 
age 36 on such surface. Because the distance from the 
bottom of rectangular image 34 to lens 32 is shorter than 
the distance from the top of image 34 to the lens, stand- 
ard lens analysis shows that the corresponding image 
magnifications are different Using a square or rectangu- 
lar coupler would cause spilling of light at the top of re- 
gion 34. The use ot trapezoidal coupler 16, however, 
compensates for the different image magnifications, re- 
sulting in substantially uniform illumination across rec- 
tangular region 34, with negligible light loss. 

Fig. 5 shows the application of the principles of the 
present invention to an optical coupling system employ- 
ing a pair 16, 16' of optical couplers that are tapered as 
described above in connection with inventive coupler 16 
of Figs. 3, 3Aand3B. Such an arrangement is especially 
useful for coupling light from a light source 10 that is at 
a high angle 21 , such as 53 degrees as shown. Reflector 
1 2 in this case can be generally clam-shell shaped, em- 
ploying left and right ellipsoidal members 12Aand 12B, 
respectively, that are shaped to direct light from source 
10 at respective focal planes at inlet ends 14 and 14' of 
the optical couplers. The use of tapered couplers pro- 
vides a significantly more efficient means of collecting 
high-angle light from source 1 0 than the prior art system 
of present Fig. 1 , for example. 

Claims 

1 . A compact optical coupling member for use in cou- 
pling non-coherent light from a source of light to a 
light distribution harness, said coupling member 
comprising: 

(a) an elongated light transmissive body having 
a central longitudinal axis, an inlet end for re- 
ceiving light from the light source, and an outlet 
end for providing light to a leading end of a light 
distribution harness; 

(b) said elongated body having a polygonal 
cross-sectional shape for providing increased 
light mixing of said non-coherent light; and 

(c) said polygonal shape of said elongated body 
increasing in size from a first cross-sectional ar- 
ea at said inlet end to an enlarged cross-sec- 
tional area at said outlet end for reducing, with 
respect to said longitudinal axis, the maximum 
angle of light passed through said outlet end 
relative to the maximum angle of light received 



through said inlet end- 

2. The coupling member of daim 1 , wherein said po- 
lygonal shape of said elongated body increases 

5 from said inlet end to said outlet end in a substan- 
tially uniform manner. 

3. The coupling member of claim 1 , wherein: 

'0 (a) said elongated light transmissive body is 

hollow; and 

(b) a length of said elongated body along said 
longitudinal axis is no more than about the 
mathematical product of six times the ratio of 

it passed 
aid max- 
said inlet 



body is 

>ng said 
tout the 
\ ratio of 
passed 
lid max- 
aid inlet 



5. The coupling member of claim 1, in combination 
with the light source and/or the light distribution har- 
ness. X 

35 

6. The combination of claim 5, wherein: 

(a) said polygonal shape of said elongated 
body is trapezoidal; and 
40 (b) said light distribution harness comprises a 

plano-convex lens having a convex surface 
through which light is received from said cou- 
pling member and a mirrored, planar surface 
confronting said coupling member and being 
4 $ for reflecting light at an angle that causes said 

light to substantially miss said coupler. 

7. A pair of compact optical coupling members for use 
in coupling non-coherent light from first and second 

50 sides of a source of light to respective first and sec- 
ond light distribution harnesses, each of said cou- 
pling members according to any one of claims 1 to 
4. 

55 8. The pair of coupling members of claim 7, wherein, 
with respect to said longitudinal axis, the maximum 
angle of light received through said inlet end ex- 
ceeds 45 degrees 



45 



'5 the sine of said maximum angle of light 

through said outlet end to the sine of sa 
imum angle ot light received through a 
end. 

20 4. The coupling member of claim 1 , wherein: 

(a) said elongated light transmissive 
solid; and 

(b) a length of said elongated body alo 
25 longitudinal axis is no more than ab 

mathematical product of nine times the 
the sine of said maximum angle of light 
through said outlet end to the sine of sa 
imum angle of light received through s< 
30 end. 
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9. The pair of coupling members of claim 7 or claim 6, 
in combination with the light source and/or said first 
and second light distribution harnesses. 

10. The pair of coupling members of any one of claims s 
1 to 9, in combination with a generally clam-shaped 
reflector for said light source. 

w 
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